The sensitivity to error of a video bitstream often changes as the amount of motion within a scene changes. Taking this into account, a scheme that attempts to optimise error robustness by varying the amount of Adaptive Intra Refresh blocks is presented. Simulation results demonstrate the benefits of the proposed technique.
Data loss at times of high motion has more serious consequences on decoded quality. Taking this into account, it would appear that to optimise the error robustness of an encoded video bitstream it may be necessary to treat periods of high motion differently to low motion segments.
One method of coping with data loss is to employ the Adaptive Intra Refresh (AIR) technique. This involves sending a fixed number of Intra macroblocks in each frame. Annex E of the MPEG-4 standard [1] describes an AIR scheme where macroblocks are selected from a motion map. Generation of the motion map is achieved by marking the positions of macroblocks with motion. If the number of macroblocks marked for Intra coding exceeds the number that are set to be encoded, then the encoder moves down the frame encoding Intra macroblocks (MBs) until the preset number of MBs have been encoded. For the next frame, the encoder starts in the same position, and begins encoding Intra MBs, including those marked for Intra coding in the previous frame.
Increasing the number of macroblocks that are refreshed in each frame speeds up recovery from error, but results in a decrease in error free quality. By changing the number of AIR blocks transmitted with changes in motion, it is possible to optimise the quality of the decoded video.
A simple estimate of the amount of motion between frames can be obtained by exploiting the data-partitioning mode of MPEG-4 [1] [2] . This mode separates the motion from the texture data. If it is assumed that the size of the encoded motion data is approximately proportional to the amount of motion within a scene, then the relative size of the first partition should indicate the degree of motion present.
Motion Adaptation:
The proposed scheme exploits the relation between first partition size and the degree of motion within a scene. Throughout this letter, the proportion of the video packet occupied by the first partition is defined as A (see Figure 1 ).
Figure 1: MPEG-4 video packet
Because MPEG-4 video packets can vary slightly in length, A is used instead of bit length. Figure 2 shows the variation in A over the standard "Suzie" sequence. In the middle of the sequence the subject shakes her head. This period of high motion can be detected through the large values of A. Table 1 shows the chosen number of Intra macroblocks to be encoded in each frame when employing the adaptive scheme. The number of AIR macroblocks increases as the first partition size increases, until the proportion of the packet occupied by the first partition is 0.3. When A exceeds this value, it tends to indicate that there is a large amount of motion within a scene. Encoding large numbers of Intra macroblocks during periods of high motion often results in a dramatic reduction in error free quality, such that the reduction in PSNR caused by the extra AIR MBs is greater than that caused by channel errors. Therefore, the number of AIR MBs for high values of A is less than that for some of the lower values. The scheme was arrived at experimentally from observing the performance of several video sequences.
The adaptive method ensures that refresh rates are greatest surrounding peaks in first partition size. This aids speedy recovery following periods of motion that are often highly sensitive to error. Note that when A exceeds 0.3, the number of AIR MBs encoded in each frame is set to fall. This value of A usually corresponds to periods of particularly high motion. Encoding significant numbers of AIR MBs would result in a serious drop in error-free quality.
Simulations: Corruption of the video data was performed using error patterns derived from models for a GPRS channel [3] . The simulated radio conditions were those for an interference-limited scenario, which is the most common operating scenario for mobile terminals. The propagation conditions were those specified in GSM 05.05 as TU50 Ideal Frequency Hopping at 900MHz. The TU50 channel model represents multi-path propagation conditions found in typical urban conditions, with a mobile terminal velocity of 50 km/hr. The model includes the use of a half-rate convolutional code. The simulation also assumed transmission via RTP over UDP/IP. A single frame was encapsulated within a single RTP packet. Corruption of any part of the RTP/UDP/IP header resulted in loss of a whole frame. Tests were carried out using a fixed number of AIR macroblocks over a whole sequence. Results were obtained for a range of fixed values, and also for the adaptive scheme. Macroblocks were selected using the technique that was briefly described in the Introduction section of this letter. For each test, 24 simulations were performed to generate average PSNR values. All simulations were carried out with a C/I ratio of 12 dB. For the tests, the standard "Suzie" sequence was employed. This QCIF (176×144 pixels) sequence was encoded at 64 kbit/s with a frame rate of 10 frames per second. The original sequence was a 30 frames per second video clip with 150 frames. Table 2 displays the results of these simulations compared to the results from using the motion adaptive technique. The PSNR values indicate that the performance of the adaptive scheme is superior to that of any of the fixed schemes. Figure 3 displays the frame-by-frame PSNR of the Suzie sequence using the adaptive technique, compared to the optimum fixed scheme. Again, the PSNR values are the average of 24 simulations over a GPRS channel. They clearly demonstrate the improved performance around the period of high motion in the middle of the sequence. The adaptive method facilitates a more rapid recovery in video quality. Figure 4 shows two frames taken from the results of using the adaptive technique and from using the optimum fixed number of AIR MBs. Both sequences have been subjected to the same error pattern, which causes an error to occur in the bottom of the picture around the telephone in frame 84. However, distortion in the adaptively encoded frame is much less noticeable than the frame taken from the normally encoded sequence. The selected frames demonstrate that the adaptive scheme can recover more quickly from errors. Conclusions: A motion adaptive scheme has been demonstrated that optimises the amount of a video scene that should be refreshed. Simulations demonstrated that quality improvements are possible through employment of the technique. The simplicity of the scheme also makes it highly useful for video applications where processing power is limited.
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